The objective of this research was to evaluate the effect of an education program using the meaningful learning approach on sleep knowledge and habits of 12th grade students. Thirty-four student volunteers (aged 16.8 Ϯ 0.6 years) were divided into intervention (Sleep Education Program -SEP) and control groups. Sleep knowledge and habits were assessed by the "health and sleep" questionnaire. Also, the students filled out a sleep diary and the Karolinska Sleepiness Scale by one week (Stage 1). These procedures were repeated 3 weeks after the SEP (Stage 2) that was evaluated by a questionnaire. The SEP consisted of five 50-minute classes to discuss the physiological and behavioral processes of sleep and healthy lifestyle. At Stage 2, the intervention group increased the percentage of correct responses in 63% of the questions. On weekdays, they increased time in bed by 26 min, woke up 11 min later and showed a tendency to go to bed 18 min earlier (P = 0.07). On weekends, they advanced bedtime and wake-up times. These changes were associated with decreased irregularity at bedtimes and wake up times. These results were not observed in the control group, except the advance on wake up time on weekends. The frequency and duration of naps and daytime sleepiness levels did not differ between the stages for both groups. The SEP increased knowledge and contributed to positive changes in the adolescents' sleep-wake cycle (SWC). However, daytime sleepiness levels remained unchanged probably due to an insufficient reduction on sleep deprivation to decrease its negative consequences.
INTRODUCTION
Adolescents require a great deal of sleep 1,2 (8.5 to 9.25 h), go to bed and wake up later, 3, 4 and usually study in the morning (class starting times: 07.00-07.30 hours) showing sleep deprivation of about 2 h per night on weekdays as well irregular sleep schedules between weekdays and the weekend. [5] [6] [7] [8] As consequences they present excessive daytime sleepiness, 9, 10 bad mood, attention and learning difficulties. 7, 11, 12 These consequences tend to be exacerbated during adolescence because bedtimes become increasingly later as school loads increase, 2,10,13 parents exert less control over their children's sleep times 14 and sleep habits worsen. 8, 10 Factors that contribute to this situation include increased TV watching, computer use and latenight studying, 15 behaviors that are associated with light exposure at a time when this stimulus tends to promote sleep delays.
The consequences attributed to the conflict between sleep needs and morning school schedules have been reported in adolescents from several countries, 5, 8, 17 raising the need for interventions that could resolve this problem. Delaying the school starting time would be the best solution, and was assessed in countries such as the United States and Israel, with positive results. 18, 19 However, because this change interferes in other sectors of society, it should be implemented according to the possibilities of each one. [20] [21] [22] Moreover, as there are other behavioral factors contributing to inadequate sleep in adolescents, it is important to investigate interventions at the individual level, such as sleep hygiene programs and preventive education classes. 7, [23] [24] [25] [26] [27] [28] Simple interventions, such as distributing educational pamphlets about sleep habits, are effective in increasing the knowledge that adolescents have about sleep. 29 Moreover, higher knowledge about sleep is associated with better sleeping habits, which in turn are related to better sleep quality, 30 decrease in daytime sleepiness and improvement of the daily performance. However, knowledge does not always lead to behavioral changes. Some factors like individual and cultural differences, and technological advances have an influence on how individuals behave. 15, 16 Therefore, a major challenge of the educator is to mediate the learning of the student in order to facilitate the implementation of the knowledge acquired in behaviors that are built and maintained day-to-day. 31 In a previous study, we observed behavioral changes in adolescents of the 11th grade after an educational sleep program. 7 Although the absence of a control group was an important limitation of this study, other interventions evaluated in the presence of a control group indicate that educational programs improve a student's motivation to change sleep-related behaviors. 27 However, they did not find significant effects on sleeprelated behaviors. We observed that the motivation to participate was directly related to the degree of damage experienced in consequence of sleep deprivation. 7, 15 Therefore, it is important to evaluate the effect of a sleep educational program in pre-university classes, which in Brazil, are preparing to conduct selection processes for admission to universities that increase school loads, reduce the duration of nocturnal sleep and increase daytime sleepiness.
Another fact to be considered in motivating behavioral changes with educational programs is the teaching approach used. The meaningful learning approach proposes that the prior knowledge of the students must be considered to establish a relationship with the new knowledge that is intended to teach. Thus, the learning contents are contextualized and make sense for students that can apply them in several situations day-by-day. 32 Even though each activity planned for an educational program has a previous defined goal, the focus of discussions with the students will depend on the answers given by them to the questions at the class as well as by the answers of students in a prior survey questionnaire. Thus, the content is viewed interactively and contextualized with day-to-day favoring the acquisition and application of knowledge by the individual.
Therefore, work with a high-risk population using an interactive approach may contribute to attain an aspect highlighted by Cain et al. 27 in educational programs: evaluate ways to motivate adolescents to long-term changes in their sleep habits. Thus, as the pre-university years can encourage behaviors that have a negative impact on sleep in adolescents, the objective of this study was to evaluate the effect of an education program on sleep knowledge and habits in 12th grade students, using a teaching approach based on meaningful learning.
METHODS

Participants
In total, 251 students of the 12th grade from a private school in Natal, Brazil were invited to take part in the study, which was approved by the Research Ethics Committee of the Universidade Federal do Rio Grande do Norte (Brazil). The choice of school was determined by the interest of the pedagogic team in contributing to the development of this study.
Of the 251 students, 203 agreed to participate, but for final data analysis, we considered only those who had filled in their sleep diary for at least 5 days, including weekends. Thus, 34 students completed the study, 18 from the experimental group and 16 from the control group randomly selected. The mean age of the students was 16.8 Ϯ 0.6 years and 84% were female. We suggested that two factors may have contributed to the decreased number of subjects: (i) Lack of motivation to fill out the same questionnaires during the second stage; and (ii) the school load of the senior year.
Procedures
First, the students chronotypes were characterized by the Horne and Ostberg 33 questionnaire, adapted for the Brazilian population. 34 Sleep knowledge and the most habits were assessed by the "health and sleep" questionnaire" 31 supplemented with questions from the instrument used by LeBourgeois et al. 30 The procedures are summarized in Figure 1 . The sleep-wake cycle (SWC) was assessed by the sleep diary and sleepiness by the Karolinska Sleepiness Scale (KSS), 35, 36 completed at five different times: upon waking, 08.00, 11.00, 14.00 hours and at bedtime. These questionnaires were filled out by one week at each stage.
The sleep education program was conducted by the first author (ICS) who is a qualified middle and high school teacher at five meetings, held during usual class time, with a mean duration of 45 min, as described below: 1st day: The day-to-day of adolescents: A slide presentation was prepared, based on data collected in stage 1 by the "health and sleep" questionnaire, demonstrating the most frequent sleep patterns and habits of students in the Intervention group. 2nd day: Why am I so tired during the day? The researcher recorded on cardboard the number of students who reported to exhibit one of the following problems: Sleepiness, Tiredness, Memorization difficulties, Concentration difficulties and Bad mood. This activity helped students recognize the consequences related to sleep deprivation, such as the high incidence of daytime sleepiness. Later, the causes associated to these consequences, such as school times and sleep habits, were discussed. 3rd day: Discovering sleep: In this activity, prepared in the form of a dialogic lesson, the nature, characterization and functions of sleep, daily sleep needs and individual differences in sleep times were discussed. 4th day: Discussing doubts: This day was set aside for students to discuss any doubts that may have arisen in the previous activities. This activity is characterized as a time to discuss school times and sleep hygiene measures. 5th day: "Measures of sleep hygiene" contest: To consolidate the discussion and evaluate learning, a "measures of sleep hygiene" contest was held, as follows: the students were divided into two groups that chose and explained behaviors that may or may not contribute to good sleep quality. The members of the group that made the fewest mistakes took part in the draw of a pillow.
The last activity proposed for the 5th day was a student evaluation of the sleep education program. To this end, the students answered three objective questions: 1 
it could help very much, and, in addition to learning about the sleep-wake cycle, I will follow many of the sleep hygiene measures).
To encourage the control group to participate in the study, the researcher compromised to conduct the sleep education program with the control group after all procedures.
Statistical analysis
The c 2 test was used to assess the students' responses on the "health and sleep" questionnaire. Sample characterization in relation to chronotype was performed using the Kolmogorov-Smirnov and Shapiro-Wilk tests for normality.
Bedtimes, wake up times, time in bed, nap duration and SWC irregularity for bedtime and wake up times were compared before and after the program using the t-test for dependent samples. The SWC irregularity for bedtime and wake up time was analyzed by the sleep irregularity index that was calculated respectively, from the standard deviation of bedtimes and wake up times, along the 7 days of the week (weekdays plus weekend). Nap frequency was compared between the two stages using the c 2 test. The score obtained on the Karolinska Sleepiness Scale before and after the program was compared by repeated measures analysis of variance (ANOVA). The sleepiness level at each time of the day was compared between 
RESULTS
With respect to chronotype, the adolescents showed normal distribution, characterized for the most part as intermediate with a tendency to eveningness.
Most adolescents did not work (89%) (c 2 = 62.9, P = 0.02) and did not engage in physical activity (71%) (c 2 = 18.36, P = 0.02), but 81% reported taking an extracurricular course (c 2 = 17.58, P = 0.01). None of them reported any health problems in the previous 30 days (c 2 = 25.0 P = 0.01). In baseline (Stage 1), the intervention and control groups were similar with respect to the bedtime (t (95,74) = 0.00, P = 0.99), wake up time (t (95,74) = -1.5, P = 0.13) and time in bed (t (95,74) = -1.0, P = 0.31), in the week and weekend (bedtime (t (37,30) = 0.58, P = 0.56), wake up time (t (37,30) = -0.32, P = 0.74) and time in bed (t (37,30) = -0.79, P = 0.43). The similarity between the students in relation to age and the influence of the same school context may have contributed to the similarity between the two groups at baseline.
Effect of the education program on sleep
Sleep knowledge
The questions contained in the "health and sleep" questionnaire were divided into seven categories, as shown in Figure 2 .
After the sleep education program, the intervention group increased their score of correctness in 63% of the questions, mainly in the four categories that showed the lowest scores before the program, namely, 4. Nap importance; 5. Substances and activities that influence sleep; 6. Sleep duration and 7. Influence of light on bedtimes. In Stage 2, the control group had more correct answers on 26% of the questions but fewer correct answers on 36% of them, indicating a possible randomness in changed responses between the two Stages (Fig. 2) .
Nighttime sleep
After the program, the intervention group showed a tendency to go to bed 18 min earlier (t (95) = 1.80, P = 0.07), woke up 11 min later (t (95) = -2.0, P = 0.04) and increased time in bed by approximately 26 min on weekdays (t (95) = -2.6, P = 0.00) ( Table 1) . On weekends, this group went to bed 1 h 19 min earlier (t (37) = 3.23, P = 0.00) and woke up 1 h and 56 min earlier (t (37) = 4.88, P = 0.00), with no difference in time in bed, which remained at around 8 h (t (37) = 1.66, P = 0.10) ( Table 1) .
The control group maintained similar bedtimes (t (65) = -0.26, P = 0.79), wake up times (t (65) = -1.62, P = 0.10) and time in bed on weekdays between the two stages (t (65) = -0.90, P = 0.06). On weekends, bedtimes were similar between the stages (t (30) = 0.23, P = 0.81), but in Stage 2 the control group woke up 1 h and 26 min earlier (t (30) = 2.76, P = 0.00) and reduced time in bed by 61 min. (t (30) = 2.02, P = 0.05) ( Table 1) .
Irregularity of bedtimes and wake up times
After the program, the intervention group decreased the irregularity of bedtimes (t (19) = 3.26, P = 0.00) and wake up times (t (19) = 3.08, P = 0.00) in mean of 33 min and 41 min, respectively. In the control group, the irregularity of bedtimes (t (15) = -1.58, P = 0.13) and wake up times (t (15) = 0.04, P = 0.96) ( Table 1) remained constant between the Stages.
Sleepiness
The frequency in which students reported feeling sleepy did not differ between the stages in the intervention group (c 2 = 4.47; P = 0.23) and in the control group (c 2 = 0.82; P = 0.40). Daytime sleepiness showed a U-shaped daily variation, with the highest levels occurring in the early morning and near bedtime in both groups (ANOVA, F[5, 1205] = 4.59, P = 0.00) (Fig. 3) . Sleepiness levels, as measured by the KSS, were similar between the stages in the control and intervention group (Fig. 3) .
Nap
Nap frequency remained constant in the experimental group on weekdays (c 2 = 1.35; P = 0.24) and on the weekend (c 2 = 0.44, P = 0.44) ( Table 1 ). In the control group nap frequency decreased on weekdays (c 2 = 3.58, P = 0.05) and increased on the weekend (c 2 = 13.42, P = 0.00).
In the intervention group, nap start and end, and duration times did not differ between the stages on weekdays and on the weekend (Table 1 ). In the control group, nap start and end times were later, with no difference in duration (Table 1) . On the weekend, there was no difference in nap start, end and duration times between Stages 1 and 2 (Table 1) .
Motivation for bedtimes and wake up times during the week and on the weekend At Stage 2, both groups increased the reports of going to bed because of sleepiness on weekdays (Intervention: c 2 = 42.28, P = 0.00; Control: c 2 = 10.0, P = 0.00) and on the weekend (Intervention: c 2 = 67.97, P = 0.00;
Control: c 2 = 25.0, P = 0.00). In contrast, the reports of waking up not feeling sleepy increased on weekdays (c 2 = 6.25, P = 0.00) and on the weekend (c 2 = 57.94, P = 0.00) only for the intervention group (Fig. 4) .
In the intervention group, the use of computer before bedtime on weekdays was more frequently reported after the program (c 2 = 4.32, P = 0.00) while watching TV before bedtime increased on the weekend (c 2 = 8.47, P = 0.00) (Fig. 4) . In contrast, the control group decreased the reports of watching TV (c 2 = 10.0, P = 0.00) and use the computer (c 2 = 38.0, P = 0.00) on the weekend (Fig. 4) . 
Student assessment of sleep education program activities
At the end of the intervention 93.2% of the students assessed the program as good or excellent (c 2 = 125.0; P = 0.00) and 98.6% considered that the program contributed to improving their sleep knowledge (c 2 = 94.0; P = 0.00). Furthermore, 59.5% reported that they would try to follow some of the sleep hygiene measures, whereas 23.0% reported that they had learned, but Table 1 Comparison of the sleep-wake cycle parameters between stage 1 (E1) and stage 2 (E2) in the intervention (n = 18) and control (n = 16) groups. (dependent t-test, P < 0.05) 
DISCUSSION
The sleep education program promoted an increase in adolescents' knowledge about sleep that was accompanied by behavioral changes in sleep habits, not observed in previous studies, such as a tendency to an advance of 18 min in bedtime and a delay of 11 min in wake up time, resulting in a 26-minute increase in time in bed on weekdays. On weekends, there was an advance of almost 1 h 19 min on bedtime that was followed by an advance of 1 h 56 min on wake up time. These changes on bedtime and wake up time contributed to a decrease on irregularity in bed and wake up times between week and weekend days in at least 30 min. However, the maintenance of daytime sleepiness levels and the frequency and duration of nap indicates that the 26-min increase in time in bed on weekdays was insufficient to reduce the negative consequences attributed to partial sleep deprivation. These effects were not observed in the control group, except the advance on wake up time on weekends that may be related to school activities that occasionally occur on a Saturday morning. This advance was followed by a reduction in time in bed and an increase in the frequency of naps that were not observed in the intervention group. This indicates a worsening in sleep habits in the control group that was prevented in the intervention group probably by the anticipation of bedtime on weekends after intervention. Despite the absence of positive effects on daytime sleepiness, the results observed in the control group reinforce the positive results obtained in the intervention group.
The adolescents that underwent the sleep education program showed an increased in the percentage of For example, "exposure to light at night does not interfere with bedtimes" and "we have the capacity of sleeping at any time of the day or night". The scant knowledge of the students during baseline indicates a lack of awareness about the physiological aspects of sleep, a result also observed by Mathias et al. 31 and in our earlier study 5 with Brazilian high school students. On the other hand, questions related to the consequences of insufficient sleep had a high percentage of correct responses in the intervention and control groups in both stages, perhaps because these consequences are part of the adolescents' daily routine, making it easier to associate them with partial sleep loss. 15 The introduction of sleep questions in the school environment also may have contributed to adolescents in the intervention and control groups paying more attention to their sleep, since it was observed that both began to relate their sleep schedules to the feeling of sleepiness, previously justified by other reasons, such as watching TV and using the computer. Interaction between the adolescents of the intervention and control groups may also have contributed to these results, representing a limitation that may hinder assessment of the positive effects of the program on the intervention group.
Although the acquisition of sleep knowledge represents a gain in the educational context, as in other subjects, such as hygiene habits, sex and diseases, putting it into practice is one of the main challenges facing educators. 31 Thus, modifying adolescent behaviors is a difficult task, because, among other reasons, their social and family environment continues to be the same. 7 However, in the proposed study, the reason for taking part in the sleep education program stemmed from the students themselves, who felt indisposed in the morning because of the conflict between their sleep needs and morning school hours. Also, our study assessed knowledge and its impact on the sleep habits of adolescents at a time in which school load and social pressure tend to worsen these habits. 6 We believe that the daily indisposition reported by students and the social changes are important motivational factors that contribute to enhance adolescent motivation to change habits that seek a better quality sleep and help them to get better performance in the classroom and other daily activities.
Another factor that may have contributed to the positive changes observed should be related to a pedagogical approach considered to develop the program activities. Our sleep education program is based on significant learning proposed by Ausubel. 32 In accordance with his theory, the starting point for enhancing learning is the student's previous knowledge and the contextualization of the content. With this approach, new content is related to the student previous knowledge and related with the individual daily life facilitating the acquisition of knowledge and subsequent application by the student in their day-to-day functions. For this reason, the basis of learning new concepts is the individuals' previous knowledge.
Therefore, the development of our educational program is preceded by a preliminary assessment of adolescent's sleep knowledge and usual habits. The results of this preliminary assessment guide the development of program activities. This approach may contribute to the awareness of teenagers' own habits and therefore to motivate them to make attitudinal changes that contribute to a better quality of life. This pedagogical approach agrees with teachers' suggestions of applying more interactive "hands-on exercises" in the educational sleep program evaluated by Cain et al. 27 Thus, the education program was effective in increasing the adolescents' sleep knowledge, contributing to changing time in bed and promoting a decrease in bedtime and wake up time irregularity between weekdays and the weekend and an increase in time in bed on weekdays. Although the most frequent habits before bedtime, such as watching TV and studying remained, these behaviors ended earlier, favoring advanced bedtimes on weekdays and weekends. Nap frequency and duration and daytime sleepiness did not differ between the stages, suggesting that partial sleep deprivation caused by morning school hours persists.
The results observed here, added to the positive assessment of students regarding the education program and the reports that they intend to follow at least some of the sleep hygiene measures, show the importance of developing educational interventions aimed at the wellbeing of these individuals. The absence of these effects in the control group, and even worsening in some parameters such as the reduction in time in bed and an increase in nap frequency on weekends, reinforce the positive results obtained in our study in improving knowledge and changing sleep habits of adolescents.
Despite the positive results obtained, the small number of participants represents a limitation of this study. This result may be due to three main factors: (i) the number of stages provided for student participation; (ii) filling out of the sleep diary for a long time (Stages 1 and 2); and (iii) decreased motivation caused by repeating the same procedures in steps 1 and 2. Thus, to maintain the motivation of students during the research procedures, future research should propose different ways of evaluating the behavioral change and gain knowledge through different instruments. The sleep diary for 7 days on two stages has restricted our sample in this study and previous works. Given the influence of the social and family environment dynamic on the success of the teaching-learning process, the possibility of extending the educational proposal to family members, teachers and other school employees should be considered 15 as another way to keep the participation and motivation of students to continue to carry out the proposed methods to improve their own sleep health. It must be recognized that some individuals are resistant to breaking habits established at home, at school or at work over an extended period of time. Accordingly, this measure involves a joint effort at promoting behavioral changes in sleep habits, which may require considerable time to achieve.
The concerted effort of educators to explain this subject is relevant for sleep to be increasingly understood as a necessary and pleasurable behavior whereby the body and mind benefits from the restoration of the physical and mental disposition required to meet dayto-day demands. The long-term discussion of the importance of sleep in the school setting will contribute to reinforcing the need to reorganize social schedules while respecting the biological diversity of individuals.
